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Some scientific evidence suggests that acute bouts of exercise are followed with period of increased susceptibility to respiratory infections \[[@CR1]--[@CR4]\]. Approximately, a twofold increase in prevalence of upper respiratory tract infection (URTI) symptoms after long-distance run is observed, as compared with non-runner counterparts from control groups \[[@CR3], [@CR5]\]. On the other hand, regular moderate physical activity is believed to contribute to greater resistance to respiratory infections. Regular exercise at moderate level is associated with reduced incidence of URTI episodes and lower intensity of infectious symptoms \[[@CR6], [@CR7]\]. This phenomenon has been graphically depicted as the so-called J-shaped curve which clearly shows that both sedentary lifestyle and excessive strenuous exercise constitute risk factors for increased susceptibility to respiratory infections \[[@CR1]\] (Fig. [9.1](#Fig1){ref-type="fig"}).Fig. 9.1"J"-shaped model of relationship between varying amounts of exercise and risk of URTI. This model suggests that moderate exercise may lower risk of respiratory infection while excessive amounts may increase the risk. Source: Nieman D. Exercise, upper respiratory tract infection, and the immune system*.* Med Sci Sports Exerc 1994; 26 (2): 128--39. Ref. \[[@CR1]\]

Some reports from studies in professional athletes suggest, however, that regular high-level exercise tends to be protective with regard to URTI symptoms \[[@CR8], [@CR9]\]. These data may seem to question the "J-curve" model, but it is hypothesized that presence of other, not yet identified, genetic or behavioral factors might influence one's susceptibility to infection in a high-level exercise context \[[@CR10]\]. This modified model has been nicknamed "S-curve" \[[@CR9]\]. One possible explanation for lower infection rate in top-level exercisers is the fact that subjects engaging in regular exercise of high intensity are predominantly those with perfect physical stamina and perfect immune health status that enable them to resist infections and carry on with training, thus permitting their inclusion to "elite" group on the basis of their achievements.Table 9.1Pathogens most frequently identified as causative agents for URTI symptoms in athletes**Viral**RhinovirusInfluenza virusParainfluenza virus 1, 2, and 3AdenovirusCoronavirus**Bacterial***M. pneumoniaeS. aureusS. pneumoniae*Basing on Refs. \[[@CR11], [@CR12]\]

URTI usually resolve in a few days. The "check-neck rule" is commonly applied to decide whether the athletes should be stopped from training and competition (no stop for symptoms above the neck, stop in case of cough, fever, etc.). Sore throat, a frequent symptom of URTI, should alert to exclude mononucleosis and potential myocardial complications of β-hemolytic streptococci.

Competitive athletes frequently report URTI symptoms, but their infectious etiology cannot be confirmed in a considerable proportion of cases. Both viruses (rhinovirus, particularly in spring, influenza and parainfluenza virus, adenovirus and coronavirus) and bacteria (streptococci, staphylococci) are claimed to be involved in causing URTI in athletes, although data from large systematic studies including the isolation and identification of the responsible agents are still very limited (Table [9.1](#Tab1){ref-type="table"}). Spence and colleagues have analyzed 37 infectious episodes in 28 competitive and noncompetitive athletes \[[@CR11]\]. In that group, infectious etiology could be established only with regard to 11 episodes. Identified viral pathogens included rhinoviruses and adenoviruses, whereas *M. pneumoniae*, *S. aureus*, and *S. pneumoniae* were confirmed as bacteria causing URTI symptoms. A study by Cox et al. \[[@CR12]\] identified viral or bacterial pathogen in 30% of athletes with upper respiratory symptoms, while 57% of all cases were accompanied either by presence of a detectable pathogen or by other laboratory pathological features of infection. Bacterial cause was found in 3% of cases only, while most frequently detected viral pathogens included rhinovirus (10%); influenza virus (10%); parainfluenza viruses 1, 2, and 3 (6%); and coronaviruses (3%). Hitherto published data indicate that pathogen identification is possible in approx. 45% of URTI symptoms in athletes \[[@CR13]\]. A similar proportion has been also described regarding URTI symptoms in the general population \[[@CR14]\].

Immunological Changes Related to Exercise {#Sec2}
=========================================

Immunoglobulins and Exercise {#Sec3}
----------------------------

Decreased effectiveness of local humoral immune response at the level of the respiratory mucosae is one of the characteristic features associated with intense physical exercise. This is predominantly reflected in decreased salivary IgA (sIgA) concentrations, but the importance of other proteins contained in saliva has been recently pointed at in the context of susceptibility to upper respiratory tract infections \[[@CR15]\]. Increased URTI susceptibility following participation in long-distance runs was observed in multiple studies \[[@CR1]--[@CR5]\]. Already in 1983 Peters and Bateman \[[@CR3]\] ascertained the presence of URTI symptoms in one-third of ultramarathon participants as compared with 15% of non-running controls. Moreover, the prevalence of URTI symptoms was more prevalent in those who performed better in terms of time required to complete the run. Another study performed in runners showed, however, that those who were more committed to intensive training during preparations to long-distance run were less likely to develop infection symptoms \[[@CR4]\]. Robson-Ansley and colleagues \[[@CR5]\] reported a 47% prevalence of URTI symptoms over the 2-week period following participation to the London Marathon. In their study, however, a significant correlation of URTI symptoms occurred with positive IgE-mediated allergen sensitizations and atopic status, as assessed by the AQUA questionnaire designed for allergy screening in athletes \[[@CR16]\]. The question related to the proportion of upper respiratory infection-like symptoms due to exposure to inhalant allergens and not to infection per se therefore arises. Several studies were performed in nonprofessional exercisers or sedentary subjects \[[@CR6], [@CR7]\] revealing that decrease in susceptibility to URTI is predominantly visible in regular exercisers who do not advance into professional, high-endurance type of training.

Shifts in salivary IgA are observed in subjects loaded with strenuous exercise associated with sports training \[[@CR17]--[@CR22]\], as well as being part of military training curriculum \[[@CR23]--[@CR25]\]. Decreased salivary IgA is usually correlated with increased URTI susceptibility, although this mutual association is not always evident \[[@CR15]\]. A pioneer study by Tomasi et al. \[[@CR18]\] comparing salivary IgA levels in cross-country skiers versus age-matched controls showed significant decreases both at baseline and after participation in a competitive run. Studies in swimmers \[[@CR19], [@CR20]\] also showed decreased IgA levels in saliva after training. Additionally, salivary IgA levels were inversely correlated with duration and intensity of training, as well as with number of reported infections \[[@CR19]\]. Similarly, decreased salivary IgA was described as a risk factor for developing upper respiratory symptoms in male yacht race participants \[[@CR21]\].

There exist, however, studies that failed to show modification of salivary IgA in response to a repeated training exercise \[[@CR26], [@CR27]\] pertinent to different sports disciplines. Moreover, some studies do not confirm direct association between decreased salivary IgA and frequency or severity of respiratory infections \[[@CR28]--[@CR30]\].This leads to assumption that influence of factors other than excessive exercise load should be taken into consideration while interpreting the data regarding salivary IgA levels. These factors include, among others, pattern of exercise, its intensity and duration, as well as the general stamina of each individual. In the case of extremely intensive training programs, provisions should be made for additional factors modifying immune response, such as increased energy consumption, sleep deprivation, altitude above sea level, and stress-associated psychological factors \[[@CR15], [@CR31]--[@CR33]\].

Moderate physical activity as part of lifestyle modification plans in previously sedentary subjects leads to increase in salivary IgA levels. This fact speaks in favor of beneficial anti-inflammatory and immunomodulatory properties attributed to moderate but regular exercise \[[@CR34], [@CR35]\]. In young soccer players, it has been observed that salivary IgA increase considerably during a 2-week detraining period scheduled at the end of a 21-week competitive season. Increase in salivary IgA was accompanied by a significant decrease in URTI symptom score \[[@CR36]\].

Data regarding serum immunoglobulins are contradictory. According to many authors, IgG levels in endurance athletes increase both directly after exercise and over longer observation periods \[[@CR37]--[@CR40]\]. In other studies, however, considerable falls in serum IgG were observed in association with prolonged strenuous exercise (75-kilometer run, 3-week rugby training camp participation, 2 weeks of regular running training) \[[@CR41]--[@CR44]\].

Similarly ambiguous results have been observed regarding serum IgM where both reductions \[[@CR37], [@CR41]--[@CR43]\] and increases \[[@CR38], [@CR45]\] were seen under intensive exercise conditions.

Cytokines, Inflammation, and URTI Susceptibility in Exercisers and Athletes {#Sec4}
===========================================================================

Physical exercise is a stimulus inducing multiple cytokine synthesis and release. At the same time, as mentioned above, it may have anti-inflammatory and immunomodulatory properties. In spite of an anti-inflammatory action, however, an acute bout of exercise results in increased release of acute phase proteins and inflammation cytokines (IL-6, IL-1β, MIP-1α, IL-8). Secondary to this, increased serum levels of anti-inflammatory cytokines have been observed (e.g., IL-10, IL-1ra) \[[@CR15], [@CR46]--[@CR51]\]. Serum levels of anti-inflammatory IL-1ra protein observed in young speed skaters were negatively correlated with ambient air temperature during winter season in the outdoor training area, suggesting that serum IL-1ra is partly reflecting cold air exposure in winter athletes. In addition, serum IL-1ra was significantly elevated in winter season only in athletes not reporting frequent respiratory tract infections \[[@CR52]\] which adds further insight into the significance of anti-inflammatory cytokine properties in conditioning susceptibility to respiratory infections.

Intensive exercise is accompanied by hyperventilation resulting in sequential warming and cooling of the airways. This may lead to epithelial cells dehydration and, subsequently, hyperosmolar stress causing increased release of chemokines, such as RANTES and IL-8 which, in turn, induce leukocyte influx to the airways.

As a result of decrease in Th1 cell numbers with Th2 numbers remaining at constant level, the Th1/Th2 balance is skewed toward Th2 predominance due to strenuous exercise. Such Th1/Th2 unbalance plays an important role in increasing URTI susceptibility. Cortisol and adrenaline released during exercise decrease the intensity of Th1-dependent response. Muscle fiber-derived IL-6 directly stimulates Th2-mediated response which---together with decreased Th1 response---is likely to contribute to lower efficacy of antiviral response mechanisms \[[@CR53], [@CR54]\].

It is hypothesized that persistent low-grade inflammation that is currently considered important in pathogenesis of, among others, cardiovascular and metabolic diseases may be present in the airways of subjects performing regular intensive exercise. Indeed, there is an increased flood of inflammatory cells (neutrophils, eosinophils, lymphocytes) in the athletes' airways resulting from a hyperventilation-induced increase in airway osmolarity stimulating bronchial epithelial cells to release chemotactic factors. It has been, however, also observed that exercise bout leads to considerable lowering of the expression of adhesive particles on the surface of inflammatory cells explaining why airway inflammation may appear blunted in athletes in spite of the presence of multiple exercise-associated pro-inflammatory stimuli. The appearance of infection-like episodes without evidence for the role of infectious pathogens may result from a transient loss of control of such local inflammation due to external physicochemical factors present in the environment where exercise is performed (e.g., swimming pool disinfectants, cold and dry air hyperpnea) \[[@CR13]\].

Intensity of inflammation is also associated with anti-inflammatory and immunomodulatory function of the Clara cell proteins (CC16) which has immunomodulatory and anti-inflammatory properties. Assessment of serum CC16 levels can also be a marker of airway epithelium damage. In Olympic athletes (as compared with a general population sample) significantly lower serum CC16 levels were ascertained, irrespective of the discipline performed or the training regime followed \[[@CR55]\]. In addition, athletes reporting frequent respiratory infections had significantly lower serum CC16 as compared to illness-resistant athletes, and a serum CC16 level below 5 ng/mL was associated with more than twofold increase of frequent URTI risk.

Conclusions {#Sec5}
===========

Regular exercise of moderate intensity remains the best lifestyle intervention if long-term prophylaxis of respiratory infections and lowering of inflammation are aimed at. However, repeated and strenuous exercise may predispose to the development of respiratory tract infections. Careful screening of athletes, also including the use of questionnaires specifically designed, appears highly useful in managing those in whom respiratory symptoms impair sports performance.

Various aspects of changes in lifestyle and everyday routine, such as diet, sleep deprivation, traveling, jet lag, stress, community living, and general health status, should be considered as modifiers of URTI susceptibility even in apparently illness-prone subjects. Moreover, concomitant asthma, allergic diseases, and atopy may modify the susceptibility to respiratory infections.

In the case of respiratory symptoms in athletes, differential diagnoses should be also always considered (i.e., exercise-induced bronchoconstriction, vocal-cord dysfunction).

Several dietary supplements have been reported to restore a normal immune function and reduce the increased risk of URTI in athletes, including Vitamin C, glucose, lipids, zinc, *Echinacea*, and other minerals. However, data available are scarce and sometimes conflicting; systematic reviews and meta-analysis failed to show any effect for most of the remedies suggested \[[@CR56]--[@CR61]\].

Lastly, the high prevalence of URTI in athletes has induced some authors to recommend yearly vaccinations against influenza (and hepatitis A and B immunization) \[[@CR62]\].

Key Points {#FPar1}
----------

Regular moderate physical activity is believed to contribute to a more effective immune response against respiratory infection agents.Repeated and strenuous exercise predisposes to the development of symptoms suggestive of respiratory tract infections.Intensive exercise training leads to decrease in salivary IgA which is frequently associated with an increased prevalence of respiratory symptoms.Pathogens responsible for athletes' upper respiratory tract infections (URTI) can be identified in less than half of the episodes.
